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SUMMARY

ACC system has been devel oped and carries out the spread of various vehicles. This paper explainsMT vehicle equipped
with outline of ACC aong with the investigation and the resullts of driving tests. Especialy the mental workload reduction
was evaluated. In addition, characteristic problems and its solutions were introduced in this paper.

INTRODUCTION

Inrecent years ACC isput in practical use and has been amounted on various vehicles. - Convertionally, the sysem was
goplied to the vehicles which are with AT (automaic-transmisson) or CVT. For the needs expansion of ACC, we
successtully developed onefor aMT (manua transmission). Because of the fegture of M T operated to the range of a gear
position chasen by the driver, the driver is required as making a shift change a an appropriate moment, which is not
required onan AT vehicles.

As ancther significant fegture of MT vehicles, it can tranamit engine torque to tires directly from the clutch without a
torque converter. It enables high response control which is nat in AT vehicles On the other hand, it became the subject to
redlize a smooth vehicle behavior. Therefore, we developed ACC for MT vehicles which has both a high response and
smooth operation by new control method.

This paper describes the outline of the vaidity of ACC for MT vehicles and the technology which redlized the smoath
vehicle behavior.

SYSTEM FEATURES

Sysem Outline

This ACC system uses alaser sensor for the headway distance measurement and dectronically controlled vacuum brake
booger for decdleration. Andthey areontheMT vehicles.  The system configurationisshownin Fg. 1.
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Figurel ACC Sysem Configuration

ACC contral unit outputs engine torque command value to the engine contral unit. Based on this command, the engine
control unit contrals thrattle opening. As for braking, the vehicle uses engine brake and hydraulic pressure brake by
eectronicaly controlled vacuum brake boogter together inthe sameway asACC for AT vehicles.

Sysem Festure

Ore of the big differences between MT and AT is whether the driver needs to shift the gear postion. Since, in MT
vehicles, ACC can be used only in the speed range of the gear position which the driver chose, the control range of ACC is
restricted for each shift position compared to AT vehicles. And ACC control will be canceled & the time when clutch
disconnection is detected in ashift change by clutch SW.

Ancther great difference is tranamitting engine torque which is trandferred to tires directly through a clutch without a
torque converter. Because of the direct transfer of engine torque as driving force, high response can beredlized. In contrast, it
generatesthe backlash of the drivetrain and causes the disturbance of avehicle behavior.
USEFULNESSEVALUATIONOFACCWITHMT

Frequency of MT Gear Shift

Asfor the MT vehicles, adriver itsedf must operate a shift if necessary, and ACC automatically cancded at that time. If
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shift operation is demanded from driver at many times, the re-set of ACC is very troublesome by driving under the Sate of
ACC =t.

Tablel.
Gear Shift Frequency

Average of shift down (6thto 5th) frequency on the highway
594 Times/ 100km
It is counted the shift down frequency between 40 knvh and 100 knvh.

We investigated the frequency of gear changein ACC operation speed range in vehicle without ACC. Analyzing thisdeta,
it turns out thet the gear position change was hardly operated in ACC operation speed range. If the driver use ACC on MT
vehicle, the physical workload is obvioudy decreased. It can be said that ACC on MT vehicleis aso ussful enough because
gear shift frequency of MT vehicle with ACC can be supposed amogt equal to vehicle without ACC. Next, we point out the
character of ACC on MT vehicleswith aviewpoint of mental workload.

MENTAL WORKLOAD

Outline

When using ACC with MT, we fed the driving fatigue is lower than the case of nat using ACC. In this section, we will
discussthe reduction effect of mental workload based on theresults of heart rate, flicker value and subjective eva ugtion.

Condition of Evaluation

Thisevauation was performed on TOMEI automobile highway under the following 4 petterns
Evaluation Patterns

1) CVT vehicle, not usng ACC

2) CVT vehicle, using ACC

3) MT vehicle not usng ACC

4) MT vehicle, usng ACC
Number of Subjects

2 divers(Thedrivers A and B arefamiiliar to thissystem)
Driving Conditions

Driving for 80minutes continuoudly between 70 and 100 kimvh.
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Obtained Data
1) Heatt rate (While driving)
2) Hicker test (Before driving and &fter)
3) Subjective evaudion (After driving)
Test Vehide Specs
1) PRIMERA 20L, CVT with ACC (Thiscar isaready sold in Europe and Japan)
2) PRIMERA 2.0L, 6 speed MT with ACC ( This car isaready sold in Europe)

NISSAN PRIMERA
AnalyssBased on Heart Rate Data
This paragraph presents the resullts of mental workload measured using cardiograph deta. Inthe anaysis, the interva and

its variance in the heart rate data is examined to determine an index to show driver's menta condition as to whether the

driver istense or relaxed, €.

Figure2. HeartrateWave
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Fig. 2 shows the cdculation formula to identify the corrdation between the waveform of heart rate and fluctuation of
heat rate interval. Pulse wave of heart rate waveform is referred to as R wave and its intervd is referred to as RRI (R-R
intervel). RRI is an inverse of cardiograph. Accordingly, it is known that when RRI decreases, the subject is tense. RRV
(R-R variance) isnormalized fraction of RRI. When the driver’ stension increases, RRV decreases and it incresseswhen the
driver ismorereaxed. Hg. 3 and Fg. 4 show subject A's average value of RRI and RRV for every 20 min whilelong time
driving. Subject B showed the identica result. When comparing the results of the four conditions ( with and without the
Sysem, CVT and MT ) in the graphic chart, there is no clear deference of four conditions. Because the results of subject A
shows thet he is fully relaxed in dl conditions. Using paragraph can not find differences That is, ACC of MT does not
increase mental workload and itsleve isas much asthe case of no using ACC sysem.
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Figure3. RRI (subject A)
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AnalyssUsng Flicker Tegter

In the experiment we performed, we messured the workload using flicker teer which was used in the traditional
measurement. When a person sees a flashing light, it is seen by the person as a continuous light when the flashing speed
reaches a certain gpeed. The frequency of the light a that point is referred to as flicker value which is used as one of the
criteria to measure the faigue of a person. When flicker value lowers, a person is deemed to be more tired. The
measurement was performed under the condition of long time driving. Hicker measurement was performed before and
immediadly after the experiment is completed. In Fg. 5, the result of flicker measurement of the two subjects A and B are
shown. Vertica axis shows the flicker value and horizonta axis indicates subjects A and B when the sysem is on and off.
White and black circles on the graphic chart show flicker value before and after the experiment, respectively.  When
comparing the result of the experiment with and without the System, it is found in both subjects A and B thet the rate of
decrease of flicker value after the experiment shows a greater value when the system is not usad. Therefore, it is estimated
that thereisa greater fatigue when the sysem is not used. And in the case of MT, the difference between ACC used and not
used isgregter than CVT’ s. So we estimate adopting ACCto MT vehicleismore effectivethan CVT vehicles
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Figureb. Reaultsof Flicker value

Analyssof Subjective Evaluation

We have discussed o far the effect of reduction of mental workload identified through biological measurement. This
section analyzes the results of the subjective evaluation data.  We asked the subjects four questions ("do you fed neura
fatigue?', "do you fed that there are many physical operations?', "do you fed any pressure for time?' and "do you get
iritated?") and the classified the response with reference to NASA-TLX method, which is often used in messuring
workload. The eva uation was performed immediaely after the long distance driving. FHg. 6 shows averages of two subjects
for eech of evauaed items. Bars in gray indicate the experiment results when the Sysem was not used and black bars
indicate the experiment results with the System. The workload was found higher for al the evauated items when the system
wasnat used. Theimprovement of MT vehicleisbigger than CVT vehicles.
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Figureb. Subjectiveratingfor driving loads

ADOPTING PECULIERTOMT VEHICLE

ACC was very ussful sydem & MT vehicle, however some peculiar troubles arose Here we show characterigtic
problems hgppened by MT vehicles

Outlineof Accder ation Shock

Since acceleration shock and so on is conveyed to the driver, and it feds an uncomfortable for MT vehicles In AT and
CVT vehidles, the accderation shock is not occurred because the torque converter absorbs the mechanica backlash.
Correcting ACC control logic, in order to check and solve the problem. It can transmit engine torque to tires directly from
the clutch without atorque converter.

Driver feds uncomfortable shock in some driving conditions. The acceleration shock is generaied in following 2
Stuations.

(2) After forward vehicle decelerate, it acod erates again.
(2) Driver operates resume function
Accderation shock isshownin Hg.7.
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Accderation beginsquickly
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Figurer. Accderation shock data

It turns out that engine speed changes when an acoderation shock occurs by evaluaion data This can be conjectured to
meen that the drivetrain backlash caused the acod eration shock when the engine torque rises rapidly. The shock is marked 2
in subjective evauation. By which subjectiverating is defined by evaluaion, 10 isthe best levd that can not befelt. 4isNG
level. So 2 showsthelevd of the shock isbig problem.

Adding Smple Contral Logic

Hrgt, smpleredriction of engine torque command was sat up, and the confirmation of the effect wasdone. When therate

of engine torque rising is limited lower, the backlash becomes smocth. Then there is few acceleration shock . Thereault is
showninHg. 8.
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Spendinglongtime
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Figure8. Smpleredriction of enginetor que command

From the result, jump of engine speed becomes smdll and it could checked that ashock has been decreased to it. Smilarly
it isimproved to subjective rate. It paid atention to subjective rate changing by the difference in the rise dope of engine
torque, and the corrdlation was anadyzed. Thisisshown in Fg. 9.
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Figure9. Corredation of subjectiverateand enginetorquerisng
Fg. 9 shows the relaion between rise dope vaue of engine torque command and subjective evauation value Asthe

above-mentioned guesses, if the rise dope vaue of engine torque commeand will be smdl, the level of an acceleration shock
becomes smdll and subjective rating value are dso high. But if arise dope of engine torque is suppressad too much, vehicle
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acodleration becomes poor and it become impossiblein order thet it might fill the performance of ACC sygtem.
An acceleration shock could be made small by giving a limit to an engine torque order. On the other hand, vehicle
accderation isNG level becausethe enginetorque occurs late.

Adding New Control Logic

Introducing new control logic to coexist acceeration shock relief and poor acceleration improvement, and check the
effect. The new logic limits the rise rate of engine torque command until drivetrain backlash happen, and dfter that the
redriction isremoved.

New Logic Feature

New logic redtricts an engine torque commeand value as Smple control logic till drivetrain backlash happen. Thelogic is

showninHg. 10.

Engine Output
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FigurelO. Newlogic concept
Evaluation Result

The acceleration shock was solved by the new control logic without secrificing vehicle acceleration performance by ACC
operation. TheresultisshowninFg. 11
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Figurell. Newlogictest result Shock is absorbed
CONCLUSION

Thefesture and the themein the case of applying ACC to MT vehicles are summarized below.
1) Sysgem cancd which is caused by MT gear change never poils the convenience of ACC because MT operation
frequency in ACC s&t speed rangeisrare
2) When ACC was mounted to M T, it confirmed that mental workl oads has been decreas=d.
As areault, it has become clear thet ACC isavery effective sysem for MT vehidesaswell.  3)Although the particular
accderation shock caused by drivetrain backlagh, it is possible to solve it by modifying the engine torque command
characterigic. With this method, coexistence of rapid response and smooth vehicle behavior areredized.
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